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THE EFFECT OF HYPOTHYROIDISM ON MENSTRUA-
TION IN ADULT RHESUS MONKEYS*
EARL T. ENGLE
Edgar Allen was the first investigator to demonstrate that
uterine bleeding, or menstruation, could be induced in rhesus
monkeys by withdrawal of estrogenic hormone. Hormone with-
drawal was accomplished by removal of one or both ovaries, by
injury to a large follicle, or by cessation of injections of estrogen in
a castrate animal. The previous work of Corner3 had shown that
the monkey is a suitable experimental animal for a study of the
relation of ovarian function to menstruation. Subsequent investi-
gators have reported the conditions under which endometrial devel-
opment and subsequent bleeding may be caused. Progesterone,
several estrogens, some androgens, corticosteroids, and combinations
of these have been shown to influence the structure of the endo-
metrium and the time of bleeding after hormone withdrawal. The
anterior hypophysis has onlyan indirect rOlein menstruation through
the regulation of the ovarian cycle and other endocrine organs.
Studies have shown that menstruation may occur as a result of
the partial or complete withdrawal of estrogen or of progesterone
in monkeys and in women. Uterine bleeding in a non-ovulatory
cycle cannot be distinguished from an ovulatory cyde, however,
without an examination of the ovaries, the endometrium, or both.
Other aids are useful in women in diagnosing whether a cycle is
ovulatory or anovulatory, but histological examination of the endo-
metrium is the most dependable. In monkeys and women the time
of appearance of induced menstruation is influenced by the hormone
withdrawn. Thus, removal of an ovary with a secreting corpus
luteum, or removal of the corpus luteum only, results in bleeding
in about 48 hours. The bleeding after cessation of progesterone
injections also occurs about 48 hours after the last injection of
progesterone. There is little variation in the time interval. If
estrogen alone is given in constant and uniform amounts for 10 to
14 days, menstruation from a proliferative type of endometrium
occurs about 8 days after the last injection of estrogen. The time
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interval is quite variable and the extreme range in the monkey has
been between 5 and 16 days. An interval of 7 to 8 days is usual.
The influence of the thyroid in experimentally induced menstru-
ation has not been investigated extensively, although the function
of this gland is known to be important in menstruation in women.
Burford, Allen, and Diddle2 reported on the effects of thyroidectomy
on the latent interval of uterine bleeding after estrogen withdrawal.
Adult female monkeys were ovariectomized. Ten days later total
thyroidectomy was performed. Ten days after the latter operation,
each animal was injected with a water-soluble estrogen (Theelin-
Parke, Davis & Company) for a period of 10 days. The smallest
dosage of this estrogen given for a period of 10 days was 100 rat
units, and the largest was 300 rat units. The dosage of 100 rat
units, tested in each of the four monkeys, was inadequate in the
opinion of the authors, and was not followed by menstruation.
Bleeding typical of estrogen withdrawal followed all other injection
periods. The interval between the last injection and bleeding was
6, 7, or 8 days.
These authors conclude that "These experiments show no effect
of thyroid ablation on the threshold of ovarian hormone (theelin)
requiredtoinduce menstruation in ovariectomized monkeys." Thus,
it was shown that the removal of the thyroid glands had no effect
on experimental uterine bleeding if tested immediately after
thyroidectomy.
The dosage of estrogen used by Allen and his colleagues was
comparable to that used in other laboratories. Our laboratory has
reported previous experiments on the use of 400 i.u. of estrogen in
oil (more recently estradiol benzoate) daily for 10 days as a basic
estrogenic treatment (Engle4). This is 400 micrograms or 0.4 mg.
for a ten-day period. The dosage of 150 to 300 rat units used by
Burford, Allen, and Diddle in the experiment cited would be
approximately 0.15 to 0.3 mg. The dosage used in the present
experiments was higher than this, but either level is effective in
monkeys.
The present report contains data on normal and on induced
menstruation in chronically hypothyroid rhesus monkeys (Macaca
mulatta). The effects of thyroidectomy on six of these monkeys is
reported elsewhere (Jailer, Sperry, Engle, and Smelser7). Three
of these were completely thyroidectomized, two had fragments of
thyroid contiguous to the transplanted parathyroid gland,' and one
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had a small remnant in the region of the original thyroid. The
remaining two thyroidectomized monkeys are still under observa-
tion. Some information has been obtained from four additional
adult female monkeys which have had thiouracil treatment.
Experimental
Three monkeys with intact ovaries were thyroidectomized. The
chronic hypothyroidism thus induced resulted in interruption of the
menstrual cycle with amenorrhea or with menstruation only after
very prolonged and irregular intervals. Dates of several menstrual
cycles immediatelypreceding operation are available for each animal.
The menstrual histories of these animals are comparable only' as to
trends, and group averages cannot be given. The frequency of
bleeding, the duration of amenorrhea, and the response to thyroid
therapy are different for each individual. Protocols of selected
animals are presented graphically (Fig. 1).
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FIG. 1. Menstrual cycles of thyroidectomized adult rhesus monkeys.
Days of menstrual cycle and menstrual periods below base-line.
THEl -Thyroid administration TH E - Estrogen and thyroid administered
E -Estrogen administration concurrently
Monkey 653 was brought into the laboratory on December 8,
1939. It was used for some months in several experiments which
were unrelated to the present problem.
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From May 30, 1941, normal menstrual cycles of 28, 27, 30,
and 29 days, occurring during the summer, were recorded. The
thyroids were removed on October 30, 1941, 35 days after the last
period. Bleeding occurred 7 days after thyroidectomy, 46 days
after the preceding period. One month later, without menstrual
bleeding intervening, a course of thyroid therapy (25 mg. daily for
10 days) was given orally. Menstruation occurred on January 9,
1942, 28 days after the cessation of thyroid administration. This
period was 64 days after the previous bleeding.
Thereafter, 235 days of amenorrhea followed. On July 29,
after 201 days of amenorrhea, thyroid therapy was again instituted.
A total of 330 mg. was given during 15 days. Menstruation fol-
lowed 19 days after the last thyroid medication. With no further
treatment, menstruation occurred on September 28, 1942, an
interval of 27 days. There was no further menstruation for 66
days. At this time, December 3, 1942, a bilateral ovariectomy was
perfofmed. Menstrual bleeding did not follow ovariectomy as is
usually the case and the amenorrhea persisted. After a total period
of 1 14 days without menstruation a course of estrogen treatment was
given. Estradiol benzoate, 400 i.u. (0.04 mg.) was given daily
for 10 days (0.4 mg.). Bleeding after estrogen withdrawal did
not occur, and 30 days after the last estrogen injection, or after an
amenorrheoic interval of 154 days, further therapy was given.
Estradiol benzoate, 0.04 mg. per day, and thyroid tablets, 60 mg.
per day, were administered concurrently for 10 days. A typical
menstrual period occurred 7 days after the last estrogen injection.
Case summary: Thyroidectomy was followed by a long period
of amenorrhea. A single period of treatment with thyroid was fol-
lowed by two periods of bleeding. Prolonged amenorrhea then
ensued. After ovariectomy, estrogen administration was ineffec-
tive in inducing menstruation. Bleeding was induced within the
usual time by simultaneous administration of estrogen and thyroid.
Two additional adult females with normal cycles were thyroid-
ectomized (Fig. 1). Monkey 787 had cycles of 22, 25, and 35
days before operation. She had a menstrual period 96 days after
thyroidectomy, and no other for 82 days. After that time thyroid
medication was given, and bleeding began on the 7th day of treat-
ment. This period was followed by two consecutive periods of
menstruation at intervals of 31 and 22 days. After 145 days of
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amenorrhea, thyroid was given. Sixty milligrams of thyroid tablets
were fed daily for 11 days, beginning on June 27th.
The sex skin of this monkey had been pale during the period of
amenorrhea. On the eighth day of treatment the sex skin became
red and swollen, fading again by the fourth day after the last thyroid
administration. Bleeding occurred on day 13 after the last thyroid
administration and it lasted for four days.
The other monkey 775, showed four cycles of 24, 26, 28, and
26 days.immediately before thyroidectomy (Fig. 1). One period
immediately after operation was followed by bleeding 37 days later.
Amenorrhea of 178 days was interrupted by menstruation after 10
days of thyroid medication. This bleeding was followed by two
spontaneous cycles of 32 and 24 days. No further bleeding occurred
in 123 days. At this time, June 27, thyroid administration was
begun. Sixty milligrams of thyroid substance were administered
daily for 12 days. As in the animal previously described, the sex
skin showed a good response, which was maintained for 10 days
after the last thyroid treatment. Menstruation occurred on day 23
after the last medication.
In each instance, amenorrhea of considerable duration was inter-
rupted by thyroid medication. The effect of thyroid administration
may be prolonged, as two or three menstrual periods followed a
single period of treatment in each case. Without additional treat-
ment, amenorrhea ensued in each case.
Response of ovariectomized monkeys to estrogen treatment: The
relation of menstrual periodicity to thyroid hormone in thyroid-
ectomized monkeys with the ovaries intact has been described above.
Four other animals were ovariectomized before thyroid ablation.
The data regarding uterine bleeding after estrogen withdrawal in
these animals are similar to the above group. These monkeys had
been used in other endocrine experiments previous to the thyroid
operations. A lapse of time ranging from 4 months to one year
with no induced uterine bleeding had resulted in a considerable
degree of uterine atrophy. Before observations could be made on
the influence of thyroidectomy on the bleeding of estrogen with-
drawal, the animals were primed by a series of estrogen injections.
These priming treatments varied in amount, and are not relevant
to the present discussion. Data presented here include only those
experiments which followed an induced menstruation period in the
hypothyroid monkeys.
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Monkey 595 was ovariectomized on November 9, 1939, and
the thyroid was removed on November 6, 1941. Subsequent exam-
ination at autopsy showed that thethyroid was completely extirpated.
Four months after thyroidectomy, three successive periods of
estrogen treatments were given, which served as priming doses to
repair castration atrophy. When uterine bleeding occurred, show-
ing that the endometrium was functionally repaired, the standard
dosages of 400 i.u. of estradiol benzoate per day for 10 days were
given as in our other experiments. The first treatment at this
dosage, given the day after the cessation of the previous bleeding,
did not result in menstruation. No bleeding occurred for 39 days
after the last day of estrogen injection.
The same dosage of estrogen was then given, plus 30 mg. of
thyroid daily on each of the 10 days. Bleeding started on day 1 1
after estrogen withdrawal. A second experiment with both estrogen
and thyroid administered, resulted in menstrual bleeding on day 10.
In the next sequence, estrogen alone, was administered. The
interval between the last estrogen treatment and bleeding was 22
days. Thyroid was then given with the estrogen and induced the
succeeding menstruation after a 10-day interval.
A second monkey, number 594, was similarly treated. Bleeding
did not follow two successive periods of priming doses. When the
lower doses of 400 i.u. per day for 10 days, plus 30 mg. thyroid
perdayfor 10 days, were administered, bleeding occurred on day 11.
This was the first response by bleeding in 4>2 months. A second
similar treatment resulted in a 12-day interval. This was followed
by treatment with estrogen only, thyroid being omitted. The bleed-
ing interval was 21 days. The next estrogen treatment with thyroid
added, returned the interval to 12 days.
Observations on two other hypothyroid animals, monkeys 601
and 613, afford similar results.
Since Astwood demonstrated the utility of thiouracil in inducing
hypothyroidism in rats and in reducing the BMR in human hyper-
thyroidism, some attempts were made to use the drug in rhesus
monkeys.
Four adult female monkeys given thiouracil in daily dosages of
0.1 gm. to 0.4 gm. have not shown significant modifications of serum
cholesterol, urinary creatine, or circulation time comparable to those
in which the thyroid was surgically removed. In each of the four
monkeys, however, the menstrual cyde or the menstrual flow has
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been modified in a manner similar to that after surgical removal.
Intervals of amenorrhea of more than 70 days have been followed
after a short period by bleeding which, however, was scant in amount
and of only 3 days duration. In one instance, the interval was
shortened and the duration of the flow was excessive, as discussed
below. Further work on the effect of thiouracil is required, but it
is of interest that menstrual disturbances in these monkeys have been
the only demonstrable indications of hypothyroidism.
Duration of uterine bleeding: In a brief review (Engle5) deal-
ing with the duration of the menstrual period of monkeys, it was
stated that no instance of a pathological uterine bleeding had been
observed in this colony, although Hartman reports6 numerous
instances. In monkeys, menorrhagia, in the sense of an excess
amount of bleeding or a prolonged period of bleedling, has not been
induced by endocrine therapy.
Many of the records of our colony list only the first day of
menstruation. In this series, data are available showing each day
of bleeding for 12 monkeys. Nine of these were animals with
ovaries, four ofwhich had been treated with thiouracil. Three were
ovariectomized, estrogen-treated animals. Fifty-one cycles were
recorded for these animals during normal thyroid status, and 46
cycles for monkeys rendered hypothyroid by surgical means or by
thiouracil.
During the pre-operative or control period of these animals, the
median number of days of menstrual flow was 4, the average was
4.09. Two periods of 2 days duration and one of 7 days set the
extreme range.
The duration of bleeding in 46 cycles after the induction of
hypothyroidism is not significantly changed. The median is 5 days,
and the average is 4.28 days. There are no periods of less than
3 days, there is one of 7, and a single period in a thiouracil-treated
animal of 1I days. This is the longest duration of a menstrual
bleeding period in our records referable to an endocrine effect.
Hartman' has recorded numerous instances of periods of spon-
taneous uterine bleeding of excessive length in untreated monkeys.
Excluding those of his series which had been subjected to uterotomy,
there are others with spontaneous periods of bleeding of 10 to 26
days which could be classed as menorrhagias of unknown etiology.
In this series, and in those previously listed (Engle'), there are only
4 instances with periods of bleeding extending to 7 days, and one
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each for 8 and 11 days, among 155 cycles. All but one of these
periods of excessive duration occurred in monkeys with some degree
of hypothyroidism. While amenorrhea or an increased period of
latency is the rule in hypothyroid monkeys, the duration of the flow
has not been significantly altered.
These observations are not comparable to those of Burford,
Diddle, and Allen, since they made observations on monkeys imme-
diately after thyroidectomy, while the monkeys reported here were
in a state of chronic hypothyroidism.
Summary
Two definite tendencies are shown in these experiments.
Amenorrhea occurs in hypothyroid monkeys with intact ovaries.
Normal cyclic menstruation can be induced by giving thyroid, a
single period of treatment resulting in two or three relatively normal
cycles.
In ovariectomized hypothyroid animals treated with a uniform
dosage of estrogen, bleeding may not occur at all or after a greatly
prolonged interval. After estrogen and thyroid treatment, the
interval of bleeding after withdrawal of estrogen is within the range
of that occurring in the non-thyroidectomized monkey.
There is little variation in the degree of duration of bleeding in
hypothyroidism, but menorrhagia is more frequent in hypothyroid
monkeys.
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